Abstract. Although water availability is primarily seen as a factor affecting food availability (a bottom-up process), we examined its effect on predator-prey interactions through an influence on prey behavior (a top-down process). We documented a link between water availability, predation risk, and reproductive success in a goose species (Chen caerulescens atlantica) inhabiting an Arctic environment where water is not considered a limited commodity. To reach water sources during incubation recesses, geese nesting in mesic tundra (low water availability) must move almost four times as far from their nest than those nesting in wetlands, which reduced their ability to defend their nest against predators and led to a higher predation rate. Nesting success was improved in high rainfall years due to increased water availability, and more so for geese nesting in the low water availability habitat. Likewise, nesting success was improved in years where the potential for evaporative water loss (measured by the atmospheric water vapor pressure) was low, presumably because females had to leave their nest less often to drink. Females from water-supplemented nests traveled a shorter distance to drink, and their nesting success was enhanced by 20% compared to the control. This shows that water availability and rainfall can have a strong effect on predatorprey dynamics and that changes in precipitation brought by climate change could have an impact on some Arctic species through a top-down effect.
INTRODUCTION
Water can be a limiting factor for ecophysiological processes (e.g., Bartholomew and Cade 1963 , Klaassen 2004 , Williams and Tieleman 2005 . However, water availability can also affect demographic processes such as survival and reproduction (Newton 1998 , Tieleman et al. 2004 ). For instance, increased water levels and flooding can lead to a complete breeding failure and reduced survival in ground-breeding species (e.g., Myers et al. 1985 , Thompson and Furness 1991 , Ratcliffe et al. 2005 . Reproductive success can also be positively linked with the amount of precipitation because of increased water availability at the onset of the breeding period (Coe and Rotenberry 2003, Ladia et al. 2007 ). This link is usually assumed to be mediated through an increase in food availability rather than water per se (bottom-up control; Blancher and Robertson 1987 , Gibbs and Grant 1987 , Ogutu et al. 2008 .
Water availability can also affect predator-prey interactions (top-down control; Ostfeld and Keesing 2000) . In arid ecosystems, where water limitations are ubiquitous, individuals are distributed according to availability of surface water, often trading off their nutritionnal requirements against water use (Redfern et al. 2003 , Tielman et al. 2004 ). The concentration of individuals at water holes can considerably increase their vulnerability to predation (Ferns and Hinsley 1995 , Doody et al. 2007 , Valeix et al. 2007 . However, the effect of water availability on predation-prey interactions has been largely ignored in environments where water is not usually considered limiting (Morrison and Bolger 2002 ). Yet, recent evidence suggests that the spatial distribution of water or precipitation regimes can affect predator efficiency, with potentially strong consequences for predator-prey dynamics and ecosystem processes (e.g., Hilton et al. 1999 , Post et al. 1999 , Lecomte et al. 2008a . Although prey behavior could also be affected by water availability and rainfall, we know very little about how it can influence predation risk, and hence predator-prey dynamics, in non-arid environments.
In birds, nest predation can have a considerable impact on reproductive success (Martin 1995) . In species where only one sex incubates, incubating birds must balance the conflicting needs of foraging and protecting their nest because, when they leave to feed, predation risk of unattended eggs often increases Raveling 1987, Samelius and Alisauskas 2001 Tromsø, in resource availability during incubation could then affect egg predation rate if this influences the time spent off the nest by the sole incubating parent (thereafter called recess). Much emphasis has been placed on food availability or feeding behavior during incubation (Martin and Ghalambor 1999) , but constraints imposed by water requirements have been largely ignored, even though they can be significant in species that mostly fast during incubation (Le Maho et al. 1981 , Boismenu et al. 1992 , Reed et al. 1995 . Conditions that favor evaporative water loss (e.g., low atmospheric water vapor pressure) or reduce water availability around the nest (e.g., low rainfall) may increase recess frequency or the distance traveled by the birds to drink, thereby exposing their nest to increased predation. Therefore, such a system is ideally suited for examining how water availability can affect a predator-prey interaction through its influence on prey behavior.
We investigated how water availability affected nesting success in an Arctic-nesting species, the Snow Goose (Chen caerulescens; see Plate 1). In this gyneparental incubating species, predation is the primary cause of nest failure and occurs mostly when females leave their nest to drink or feed during incubation (Cooke et al. 1995 , Beˆty et al. 2001 ; and this study). Although males can limit egg losses by attacking and chasing off predators (Samelius and Alisauskas 2005) , they most often follow their mate during recesses, leaving the nest unprotected. Unattended Snow Goose nests suffer a much higher predation rate than attended ones (Samelius and Alisauskas 2001) and this risk increases with distance from the nest by the parents (Beˆty et al. 2002) .
We tested the hypothesis of a link between water availability and nesting success mediated through predation. We first predicted that geese nesting in mesic tundra where water is scarce should be more vulnerable to predation than those in wetlands because they had to travel a greater distance to drink during recesses (Fig. 1) . Distance to water is taken as an index of local water availability and predators should thus find more unattended nests in mesic tundra than in wetlands. We tested these predictions by monitoring the behavior of incubating females during recesses and the foraging behavior of predators in the two habitats during four breeding seasons. We also hypothesized that rainfall should increase water availability and thus decrease predation risk as distance to drinking sources is reduced after rainfall, especially in mesic tundra. We therefore predicted that difference in nesting success between wetland and mesic tundra should vary with rainfall, increasing in dry years and decreasing in wet years. We further hypothesized that atmospheric water vapor pressure should affect evaporative water loss by geese and influences their need to leave the nest to drink. Thus, we predicted that nesting success should increase in years where atmospheric water pressure was high. Finally, to eliminate the confounding factor of differences in food quality between wetlands and mesic tundra (i.e., wetlands have more food plants preferred by geese; Gauthier et al. 1996) , we experimentally manipulated water availability by supplementing nesting pairs with water. We predicted that pairs that were provided with water should stay closer to their nest during recesses and achieve higher nesting success than controls.
METHODS

Study site
Data were collected between 1995 and 2005 on Bylot Island, Nunavut, Canada (72853 0 N, 79854 0 W). This island is the most important breeding site for Greater Snow Geese (Chen caerulescens atlantica), with more than 20 000 breeding pairs, the majority of which are nesting in the same colony (Reed et al. 2002) .
The habitat is a mosaic of wetlands and mesic tundra. Wetlands typically occur in small patches (average size: 3.4 ha) embedded into a landscape dominated by mesic tundra, which covers over 10 times more area than wetlands (Lecomte et al. 2008b) . Wetlands are mostly found in polygon-patterned ground created by frost action in lowland tundra (Gauthier et al. 1996) . Polygons often form a heterogeneous, intricate network of lakes, ponds, and narrow water channels that hamper the movement of walking predators ( Fig. 1 ; Lecomte et al. 2008a) . Wetlands have a rich cover of graminoids, the preferred food plants of geese (Gauthier et al. 1996) . Mesic tundra is found in drier lowlands, gentle slopes of small hills, and low-altitude plateaus. Standing water is scarce in mesic tundra and is only found in isolated small ponds or streams ( Fig. 1 ) and between hummocks (low mounds of earth formed by winter freezing) following a rainfall. This habitat is dominated by prostrate shrubs and sparse forbs and graminoids. The predator community of Bylot Island is relatively simple with only one terrestrial predator, the Arctic fox (Vulpex lagopus; hereafter fox), and several avian predators, such as Parasitic Jaegers (Stercorarius parasiticus), Glaucous Gulls (Larus hyperboreus), and Common Ravens (Corvus corax; Beˆty et al. 2001) . Foxes are the most important predator, depredating 72% of all goose eggs (Beˆty et al. 2002) . All predators used both habitats and easily moved between them because wetland patches are much smaller than their home range size (Lecomte et al. 2008a) .
Climatic data
At our study site, an automated weather station has been recording hourly air temperature since 1995 and relative humidity since 1999 using a Vaisala HMP35CF probe (Vaisala, Blainville, Que´bec, Canada) . Mean daily temperature and relative humidity during the study was 3.78C (annual range: 1.0-7.78C) and 81.2% (annual range: 77.7-85.8%; typical value for High Arctic areas). Each year, we manually recorded daily rainfall (mm) from 1 June to 15 August with a calibrated rain gauge.
We estimated the partial water vapor pressure of the air, p(H 2 O) in hectopascals (hPa), which drives evaporation rate in animals (Gates 1980) , using the Goff-Gratch equation (Goff and Gratch 1946) , which is based on temperature and relative humidity.
Behavioral observations
From 2002 to 2005, we carried out behavioral observations of foraging predators and incubating geese. We observed predators and geese throughout the 24-h daylight period of the Arctic during the incubation period (9 June to 6 July; 600 hours of observations during 120 days). From three blinds, we used binoculars (103) and spotting scopes (20-603) to cover an area of 2.8 km 2 where both nesting habitats (wetlands and mesic tundra) were present and where nest densities were representative of those encountered in the whole colony. The number of goose nests under observation ranged annually from 100 to 500. We continuously scanned incubating females, and every time a female was seen departing from a nest, we started a stopwatch and observed it continuously until she resumed incubation. Upon departure, we measured the distance traveled to the nearest water source to drink. Distance was either estimated visually using 250 georeferenced sticks located in the colony, or a posteriori with a measuring tape (median precision of 1.5 m). For each drinking event, we recorded whether the water source was permanent (ponds, rivers) or temporary (small depression at the surface of the tundra). We recorded all nest attacks by predators during the absence of the female, noted the predator involved, and whether it was successful (i.e., at least one egg taken) or not. We defined an attack as any attempt by a predator to take goose eggs. At least seven to eight foxes were identified individually by the distinctive patterns of their fur (shedding from winter to summer fur) each year (Lecomte et al. 2008a ).
Goose nest monitoring
We systematically searched for goose nests in different areas of the colony during egg laying and early incubation. Nests located either in the central portion of the colony or in random plots scattered throughout the colony were found to differ little in terms of nesting parameters (Reed et al. 2005) ; thus, all nests were pooled and considered representative of the colony as a whole. For each nest, we determined the habitat (wetland or mesic tundra) and revisited them once during incubation and again at hatching to monitor their fate. We determined laying date of the first egg (nest initiation) following Beˆty et al. (2001) . We defined total clutch size as the maximum number of eggs found in a nest after the start of incubation. At hatch, we counted the total number of goslings in the nest. Although partial predation occurs, only about 10% of nests surviving to hatch lost some eggs (Lepage et al. 2000) and most predation events usually resulted in the loss of a full clutch. We therefore focused mostly on whole-nest success in subsequent analyses and we defined a nest as successful if at least one egg hatched.
Water supplementation experiment
During the period when geese were incubating in 2005, we supplemented 40 randomly chosen nests in the colony with water, split equally between wetlands and mesic tundra. For each nest, we used two dark brown plastic containers with a volume of ;8 L (11.7 cm wide 3 20.8 cm deep 3 34.1 cm long). We buried them in the ground in opposite directions from the nest at distances ranging from three to six meters. This distance was chosen because Beˆty et al. (2002) showed that the success of predator attacks on goose nests increased with the distance between the parents and their nest, and was very high when parents were !10 m from the nest. This distance also ensured that water supplementation was restricted to parents of focus nests as geese are territorial in the vicinity of their nest (Cooke et al. 1995) . We filled containers with water from neighboring ponds for the first time one or two days after the onset of the incubation period and we refilled all of them on the same day at mid-incubation. Since no containers were empty at the time of refilling, this suggests that females had access to supplementary water throughout their incubation period. We used as control a sample of nonmanipulated nests observed and monitored in the same year. The spatial distribution of control and experimental nests overlapped in the colony.
We conducted behavioral observations at the 40 experimental nests using the same methods previously described, and we monitored their fate until hatch. We also recorded presence of males at the experimental nests and at 40 control nests randomly chosen in the colony. Male presence was defined as the percentage of total time spent close to the nest ( 10 m) during periods of observations (see also Samelius and Alisauskas [2001] ). We detected no widowed females as males were seen at least once at all nests under observation.
Data analysis
Behavior of incubating females and predators.-We first explored the effect of water on predation risk by comparing the distance traveled by females from their nest to a drinking site between years and habitats with two-way ANOVAs. Second, we compared this distance between days following significant rainfall (i.e., presence of .20 mm of rainfall in the preceding three days) and those that did not. We also used a v 2 statistic to compare the success of predators' attacks in the two nesting habitats during recesses.
Nesting success.-We examined the effects of habitat and covariates such as rainfall and p(H 2 O) on goose nesting success with the daily nest survival (S ) procedure of program MARK Version 4.2 (Dinsmore et al. 2002) . We included the age of the nest at the time of discovery (date found minus estimated laying date) as an individual covariate in the model because predation rate can vary during the nesting period (Beˆty et al. 2002) . We first considered the model with full time (i.e., years; t), habitat (h), day of the season (linear effect; d ), and age effects with relevant interactions as the most general model. To select the most parsimonious model, we used the Akaike's Information Criterion modified for small sample size (AIC c ) and the relative weight of evidence in favor of a particular model (xAIC c ; Burnham and Anderson 1998) . In presence of uncertainty in model selection (DAIC c , 4), we estimated model-weighted average parameter values and their unconditional standard errors (Burnham and Anderson 1998) . We estimated nesting success as the product of daily nest survival for the mean duration of laying and incubation (27 d).
To examine the effect of rainfall and p(H 2 O), we substituted time (i.e., years) by these covariates. We parameterized rainfall and p(H 2 O) as binary variables to contrast years with higher (wet years ¼ 1) and lower (dry years ¼ 0) rainfall or p(H 2 O) than average. However, p(H 2 O) data were available for only seven years (1999) (2000) (2001) (2002) (2003) (2004) (2005) compared to 11 years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) for rainfall. We thus ran two separate analyses with covariates, a first one using only rainfall for 1995-2005 and a second using p(H 2 O) and rainfall for 1999-2005. We determined the proportion of variation in nest survival explained by these time-dependent covariates by calculating the ratio in difference in deviance between the constant model and the model with covariates vs. the difference between the constant and the full time-dependent (i.e., year) model (analogous to an r 2 ; Agresti 2002) . Finally, we formally tested the effect of rainfall or p(H 2 O) on nest survival using the analysis of deviance (ANODEV; Agresti 2002), which contrasts the amount of deviance accounted for by a model with covariate vs. the total amount of deviance accounted by the full timedependent model.
Water supplementation experiment.-We determined the effect of habitat on the use of water containers vs. natural sources of water with a generalized estimating equation (GEE) model and a logit link function (Hardin and Hilbe 2003) . This procedure accounts for the nonindependence of multiple observations on the same individuals (see Beˆty et al. [2002] for details on the procedure). The same procedure was used to determine the effects of habitat and experiment on male presence at the nest. We used a generalized linear mixed regression model to examine the effects of habitat and experimental treatment (fixed effects) on distance traveled to drink by females during recesses, adding female identity as a random effect. We compared nesting success between experimental and control nests following the same procedure presented earlier (Dinsmore et al. 2002) . We compared the mean number of hatchlings per successful nest between the two habitats and between experimental vs. control nests with a two-way ANOVA. Because the dependant variable was not normally distributed, we ranked transformed data and we tested interactions using the aligned rank test procedure as recommended by Salter and Fawcett (1993) . Finally, to test for possible confounding factors affecting nesting success, we compared laying date and clutch size between habitats and experimental and control nests with two-way ANOVAs, again using rank-transformed variables.
General statistics procedures.-Statistical analyses other than nest survival were performed using SAS software, Version 9 (SAS Institute 2002). We considered each goose nest as independent because (1) individual geese can defend their nests against predators, (2) the fate of a nest is independent of the fate of its nearest neighbors (Beˆty et al. 2001) , and (3) several foxes (7-8 per year) were known to forage within the study area (Lecomte et al. 2008a) . For all data, normality was checked with the Kolmogorov-Smirnov test (Lilliefors option). All probabilities are two-tailed and the level was set to a ¼ 0.05. Unless mentioned otherwise, values are reported as mean 6 SE.
RESULTS
Rainfall and water availability
Between 1995 and 2005, the mean total precipitation during the incubation period was 51.6 mm, with an almost a fourfold interannual variation (range 27-123 mm; Fig. 2 ). During incubation, most precipitation fell as rain, although snow occasionally occurred. After significant precipitation events, rainwater persisted in small pools and/or in shallow depressions between hummocks for one to three days (N. Lecomte, unpublished data), thereby increasing the availability of drinking water for geese in the landscape. Between 1999 and 2005, the mean p(H 2 O) during the incubation period was 6.84 hPa, with small interannual variation (range, 6.44-7.19 hPa). Annual rainfall and p(H 2 O) were not correlated (r ¼ 0.42; df ¼ 6; P ¼ 0.34). Use of water by geese and predator attacks
We observed 102 incubation recesses for 96 nests. After departure from the nest, drinking was the first activity performed by females in 89.3% of the cases (n ¼ 91) whereas feeding behavior was the first activity in 8.8% of recesses (n ¼ 9), and preening was the first activity in 1.9% (n ¼ 2). Only 10.8% (n ¼ 11) of all recesses involved no drinking by females and occurred when the birds had to precipitately return to their nest due to presence of a predator. Globally, drinking, feeding, and preening were the most important activities during these recesses. Moreover, several drinking bouts were required by females to restore their hydric balance since they drank on average seven times per recess (n ¼ 15).
During recesses, females nesting in mesic tundra traveled 3.8 times farther from their nest to drink than those nesting in wetlands (mesic, 37 6 3 m; wetland, 9 6 3 m; F 1,98 ¼ 57.7; P , 0.001), with no difference between years (F 1,98 ¼ 0.001; P ¼ 0.97). During the three days following a significant rainfall, distance traveled to drink decreased in both habitats (mesic tundra before rain, 39 6 3 m; after rain, 19 6 5 m; wetlands before rain, 13 6 3 m; after rain 6 6 1 m; F 1,74 ¼ 13.5; P , 0.001). This occurred because females drank in temporary water depressions rather than in permanent water sources (ponds, rivers).
Compared to wetlands, females nesting in mesic tundra were 13.9 times more likely to exceed the 10-m threshold distance where the success of predator attacks increases considerably during incubation recesses (Beˆty et al. 2002) . As a result, both avian and terrestrial predators were more successful in robbing nests in mesic tundra (89% of attacks were successful; n ¼ 200 predator attacks) than in wetlands (79% of attacks were successful; n ¼ 77 predator attacks; v 2 ¼ 4.3; df ¼ 1; P ¼ 0.038) during incubation recesses.
Water availability and nesting success
Between 1995 and 2005, we monitored the fate of 1331 and 1693 nests in wetlands and mesic tundra, respectively. During these years, daily nest survival differed among habitats and years, increased with the day of the season, and possibly with the age when a nest was found, as suggested by the four top models in Table 1 . When time was substituted by rainfall in the model, this variable in interaction with habitat types (Model 6, Table 1 ) explained 34% (r 2 DEV ) of the annual variation in nest survival, a significant result (ANODEV of Model 6 vs. Models 1 and 8 in Table 1 ; F 2,18 ¼ 4.54; P ¼ 0.025). Overall, nesting success of geese was higher in wet than in dry years, and the difference in success between habitats was higher during dry years (11%, on average) than during wet ones (3%; Fig. 3A ). This suggests that rainwater was relatively more beneficial for pairs nesting in mesic tundra than for those nesting in wetlands where success was higher.
When we considered simultaneously the effect of rainfall and p(H 2 O) for the subset of years when both measurements were available, we found that both variables in interaction explained 81% of the annual variation in nest survival, a significant result (ANODEV of Model 2 vs. Models 1 and 7 in Table 2 ; F 3,10 ¼ 14.3; P , 0.001). Overall, nesting success of geese was high when either rainfall or p(H 2 O) was high, but success was reduced by almost 39% when both of these variables were low (Fig. 3B) . The latter case corresponds to situations where potential evaporative water loss for geese was high and drinking water availability around the nest was low.
Water supplementation and goose behavior
In 2005, we observed 44 incubation recesses by females for the 40 nests equipped with water containers, and 30 recesses for 40 control nests. Both females and males used water containers, either for drinking or bathing. Females in wetlands used nearly four times more natural sources of water to drink (n ¼ 15) than the water containers (n ¼ 4), whereas geese in mesic tundra used containers more often (11 times in natural sources vs. 14 in containers; GEE (generalized estimating equation) v 2 ¼ 5.1; df ¼ 1; P ¼ 0.02). Notes:
The most relevant models are ranked by their AIC c value. For each model, the difference in AIC c values is given in relation to the most parsimonious model (DAIC c ), the model's AIC c weight (xAIC c ), the number of estimable parameters (np), and the deviance. Model subscripts are: age ¼ age of the nest when found (date found minus the nest initiation date), d ¼ linear effect of day of the season, h ¼ habitat (wetlands vs. mesic), P ¼ precipitation (dry vs. wet years), t ¼ year (''þ'' indicates additive effect; ''3'' indicates interactive effect.
When we considered only the use of natural sources of water, distances traveled from the nest to those sources still differed between habitats in experimental nests (mesic, 38 6 7 m; wetlands, 9 6 7 m; F 1,26 ¼ 18.7; P , 0.001). However, distances traveled to natural sources did not differ between experimental (31 6 6 m) and control nests (23 6 6 m; F 1,54 ¼ 0.93; P ¼ 0.33), with no interaction between habitats and the experimental treatment (F 1,54 ¼ 0.94; P ¼ 0.34). When considering the use of all water sources (containers and natural), females with water containers in mesic tundra were 2.2 times less likely to exceed the 10-m threshold distance when they left the nest to drink (38% of cases; n ¼ 21) than females without water containers (84% of cases; n ¼ 13). In comparison, females with water containers in wetlands were only 1.2 times less likely to exceed the 10-m threshold than those without containers (26% vs. 35%; n ¼ 15 and 17, respectively). Overall, presence of males at the nest was higher for experimental nests (93%) than for control nests (70%; n ¼ 89; GEE v 2 ¼ 4.73; df ¼ 1; P ¼ 0.03), with no effect of habitat (v 2 ¼ 0.01; df ¼ 1; P ¼ 0.90).
The daily nest survival analysis provided strong support for a treatment effect (Table 3 ). Overall, nesting success (i.e., probability that at least one egg survived to hatching) increased by almost 20% in nests with water containers (89%) compared to control nests (68%) in both habitats (Fig. 4) . We found no difference in the mean number of hatched goslings per successful nest between habitats or between experimental and control nests (3.18 6 0.09; F 3, 117 ¼ 0.10, P ¼ 0.95). Similarly, there was no difference in laying date and clutch size between experimental and control nests or between habitats (P . 0.05 for all tests).
DISCUSSION
Our study demonstrates that water availability had an effect on the nesting productivity of Snow Geese, and that this effect was due to a change in nest predation during incubation recesses. The presence of abundant and permanent water sources close to nests enhanced the quality of wetland habitat for nesting geese, especially in dry summers with limited rainfall. In addition, nest predation also increased in years where the potential for evaporative water loss of geese was high. An alternative explanation for our results could be that plant growth is enhanced in wet years, thereby improving the condition of incubating females and allowing them to increase incubation constancy. However, we reject this explanation for two reasons. First, our experimental manipulation of water availability (independent of food supply) clearly showed the effect of water availability on nesting success, and second, Graham-Sauve´(2008) showed that plant growth was actually reduced in wet years at our study site.
Most studies showing ecological effects of water availability have dealt with species inhabiting arid environments (e.g., Morrison and Bolger 2002 , Tieleman et al. 2004 , Williams and Tieleman 2005 , Loveridge et al. 2006 . Here, we show that water availability can also have demographic consequences in a species inhabiting the Arctic environment where water is not usually considered a limited commodity.
Predation-mediated water effect
Predation has a large influence on breeding tactics and success of birds (Fontaine and Martin 2006) . Any abiotic factors imposing constraints on prey behavior have the potential to indirectly affect susceptibility to predation, although empirical evidence is lacking (Schmidt 1999) . Our study provides such evidence as both environmental conditions and life history of the prey interacted to influence top-down (i.e., predation) processes.
The reproductive output of many species is often limited by food resources, a bottom-up control (e.g., Martin 1987, Nagy and Holmes 2005) . This is supported by many food supplementation experiments that showed an increase in breeding success (Boutin 1990) . However, to our knowledge, the 20% increase in nesting success found in our study is among the strongest ever reported. Moreover, even though we manipulated a resource (i.e., water), this increase resulted from a top-down effect. Several studies showing a strong effect of food supplementation on reproductive success were conducted during years of low natural food availability (e.g., Siikama¨ki 1998). Our experiment, however, was conducted in 2005, the year with the highest amount of rainfall recorded during our study period. This suggests that drinking water is a strong limiting resource and that incubating females benefit from any sources of water close to their nest, such as those appearing after a rainfall.
Overall, nesting success of geese at the study colony was 66% in 2005 (compared to a long-term average of 63%, 1989 G. Gauthier, unpublished data) . A key factor affecting predation rate on goose nests is lemming abundance, the alternative prey of predators (Beˆty et al. 2002) , and in 2005, lemming abundance was intermediate (Lecomte et al. 2008a) . Therefore, despite the high rainfall in 2005, nesting conditions for geese were otherwise near average and thus our experimental manipulation was not conducted under unusual conditions. Moreover, a recent investigation of the effect of several climatic factors on the reproduction of Greater Snow Geese confirmed the positive influence of rainfall on nesting success reported here (Dickey et al. 2008) .
The sudden appearance of temporary water holes for nesting females after rainfall can be seen as a sudden pulse of resources because individuals have little impact on the depletion of these resources (Burger 1981 , Schmidt and Ostfeld 2008 , Yang et al. 2008 . Females apparently showed an immediate response to this unpredictable and ephemeral resource, and this enhanced their reproductive success. In addition, by creating numerous water sources in the landscape, rainfall provides a density-independent resource that changes the quality of many territories, especially those depleted in permanent water sources. Our results thus show a novel way by which an ephemeral resource pulse can affect the predator-prey dynamic of a system.
It is somewhat surprising that the treatment also increased nesting success in wetlands where water is abundant relatively close to the nest. It is highly unlikely that the presence of water containers deterred predators like foxes from experimental nests as those were small and inconspicuous (buried in the ground and the same color as the tundra soil). A possible explanation is that females using water containers in both habitats had an unobstructed view of the surroundings while drinking. In contrast, small ponds or water channels in wetlands are often located in depressions surrounded by polygon rims, which hinder the vision of drinking females, thereby limiting their detection of approaching egg predators (e.g., Kahlert 2003) . Finally, higher water availability near the nest not only reduced the distance traveled by females during incubation recesses but also increased the presence of males at the nest. However, male presence was enhanced only when females were already at the nest, because when females leave the nest to drink, males almost invariably follow them closely; presumably because it is more important to protect the female than the eggs from attacks by predators or neighboring territorial males. Nonetheless, because nest defense against foxes is more efficient by both membears of the pair than by a single mate (Samelius and Alisauskas 2001) , the increased presence of males at the nest may have contributed to the higher success of manipulated nests.
Given the benefits accrued to birds having access to drinking water close to their nest, we would expect that proximity to predictable water resources should be an abiotic factor influencing nest site selection. Not only is drinking water more available in wetlands than in mesic tundra but the intricate network of water channels in wetlands also impedes movements of terrestrial predators like foxes (Lecomte et al. 2008a ). In accordance with these observations, we have found that female Snow Geese prefer to nest in wetlands (Lecomte et al. 2008b) . Although rainfall events are unpredictable, they are not rare as in arid ecosystems and could allow individuals nesting in lower quality territories (i.e., in mesic tundra) to attenuate, to some extent, predation risk.
Water economy in the Arctic
Comparative studies show a link between incubation constancy and body mass in waterfowl (Thompson and Raveling 1987) . For example, large goose species generally take fewer recesses than smaller ones due to their relatively lower mass-specific metabolic rate and greater amount of nutrient reserves (Afton and Paulus 1992) . Although these authors have typically emphasized energetic constraints to explain interspecific variations in incubation patterns, we argue that water requirement may be an additional constraint on recess frequency. Although we did not have data on recess frequency per se, we found a positive link between partial water vapor pressure in the air and nesting success. We suggest that when the potential for evaporative water loss of geese is high, females have to leave their nest more often to drink, thereby increasing exposure to predation. Geese are likely to face high water needs during reproduction. First, animals suffer an increased tendency to dehydrate in the Arctic because cold temperatures result in low atmospheric water vapor pressure (Willmer et al. 2000) . Strong winds and high solar radiation, conditions that are frequent in the Arctic, should further enhance the potential for evaporative water loss. Second, birds face major physiological challenges to regulate their water balance while fasting during incubation (Le Maho et al. 1981) . In Eider Ducks (Somateria molissima L.), Criscuolo et al. (2000) suggested that birds adjusted their drinking behavior during incubation recesses to regulate their body water while fasting. Anecdotal evidence also suggests that Snow Geese have high evaporative water loss, and hence high water requirements. J. Larochelle ( personal communication) and Ratte´(1998) reported high water loss by gosling Greater Snow Geese during experiments in metabolic chambers. In addition, geese feeding in farmlands typically return to roosting ponds in midday to drink under sunny conditions, though not under overcast skies or during rain (Be´chet et al. 2003) . We therefore contend that the water economy of birds, which has received little attention in comparison to food habits even after the seminal paper of Bartholomew and Cade (1963) , has been hitherto underrated in reproductive studies of geese and should be investigated in other bird species as well.
In most biomes, change in rainfall abundance resulting from climate warming could be at least as great as change in air temperature, but future trends in precipitations are especially difficult to predict (Allen and Ingram 2002) . Simulations predict a mean increase of 10% in the next 20 years (6 mm/month) around the Canadian Arctic, a larger increase than for the world as a whole (IPCC 2001 , ACIA 2005 . Given that goose nesting success is positively linked to rainfall, we could expect some changes in goose productivity in the future under such a scenario. The importance of water in the functioning of tundra ecosystems is only beginning to emerge in the literature (Hodkinson et al. 1999) and our study provides a novel illustration of it. How much Arctic birds will balance their water requirements with nest predation risk in face of changing climatic conditions remains an open question for the moment.
Conclusion
Our study provides a clear demonstration that abiotic factors such as water availability and rainfall can have a strong effect on predator-prey dynamics through an influence on prey behavior, even in a non-arid environment such as the tundra. Such relations may have significant consequences in tundra ecosystems where it is becoming increasingly evident that predator-prey interactions play a key role (Beˆty et al. 2002 , Gilg et al. 2003 , Gauthier et al. 2004 ). Our results also highlight the complexity of these relations due to the fact that rainfall creates unpredictible pulses of resources (water holes), and that the benefit of this resource for the prey is heterogeneous at the habitat scale. This is an emerging perspective in the literature (Holt 2008, Schmidt and Ostfeld 2008) , where the spatial component of ephemeral resources is predicted to fine tune predator-prey interactions. When variability in prey productivity is linked to the dynamics of the pulse, this could allow persistance of the prey in lower quality habitats and its exploitation by predators during interpulse intervals.
